Traditional ranging model is not applicable due to the large ranging error under unknown environmental. In order to improve the ranging accuracy, this paper presents a new ranging model based on FUZZY -TS. The model analyzes the number of FUZZY rules and the parameters of the gaussian membership functions which impact on the model error. The simulation results have shown the superiority of the model on the nonlinear relationship between RSSI and d under the unknown environment. Thus it can be used in situations with little prior knowledge.
Introduction
With the development and needs of society, wireless sensor network (WSN) has been widely used in various field as a new information technology. Positioning, which is a prerequisite for many applications of WSN, is an important supporting technology in WSN [1] . Currently there are many localization algorithms have been proposed. They can be divided into two categories [2] : ranging-based and ranging-free positioning algorithms. The ranging-based methods exist four different ways, which are respectively based on time difference of signal arrival (TDOA), angle of arrival (AOA), time of signal arrival (TOA) and receiving signal strength indication (RSSI) [3] . The method based on RSSI is low power consumption, low cost, and simple,so the paper choose it to study. Some researchers propose an improved equation for distance estimate based on RSSI [4] , the method adds random error in the classical ranging model. The method of multiple measurements has been proposed to eliminate the impact of the environment through the way of weighted and average [5] , then the distance is calculated by the classical ranging-based model. In paper [6] , the calibration algorithm of Gaussian model has been added in the RSSI measurement, it eliminates the path dissipation index. The paper [7] proposes a hybrid filtering and least squares ranging method based dynamic estimation of the environments parameters. The paper [8] proposes an amendment for the environment parameters based on the least squares, the method correct the environmental parameters through the fitting of least squares to eliminate the effects of various disturbances. A hybrid positioning algorithm which combines the RSSI and TDOA has been proposed [9] . In this paper, we apply the TS model to fit the relationship between the RSSI and distance. A new ranging algorithm based on FUZZY-TS has been proposed. The method is self-adaptive in complex environment and improves the ranging accuracy to improve the positioning accuracy.
Classical Ranging Model
The traditional Received Signal Strength Indicator(RSSI) logarithmic model can be showed in the following equation:
Where,RSSI is the received signal strength ; n indicates the path loss exponent which is relative with the environment; A is the unit of distance of received signal strength. In the non-free space, due to the complex of environment and interference, it is prone to lead reflection, diffraction, refraction and scattering of the wireless signal and other interfering factors. So we couldn't use the unified parameter model to present the relationship between RSSI and d. In this paper, we divide the entire interval into three sections to simulate the relationship between RSSI and distance . Fig.2 shows the curve of between the RSSI and d under assuming environment. 
Where S k is covariance matrix, F k is gain vector, θ k is parameter vector to be identified, H k is row vector .
(e) k=k+1, if k≤L , then return (d), where L is the number of samples. After the iteration is completed, θ k is the best Conclusion parameters.
Simulation and Analysis
In the surroundings of the Fig.2 ,we set the different number of fuzzy rules to build the FUZZY-TS ranging model to learn it. The follow picture is ranging model of the different number of fuzzy rules and the curve under the simulation environment. According to the Fig.3 and the above table.1, we know the FUZZY-TS ranging model can fitting nonlinear relationship of RSSI and distance very well. When the number of fuzzy rules is more, the error of the model is the least.But we select more the number of fuzzy, we find that the calculation is very complicated and the error of the model reduces very less. On account of the different environment, we need to determine rational number of fuzzy rules. In this paper, we select 3 fuzzy rules. This paper uses the Gaussian membership
where μ refers to the fuzzy center ,ơ refers to the Fuzzy radius. Then we discuss the different μ and ơ on the error influence of the FUZZY -TS ranging model. This simulation uses three fuzzy rules, so it needs three membership degrees.
When the fuzzy radius of the three membership functions are selected the same,Then it changes the fuzzy center μ. Fig.4 shows the curve of Ranging model error of the the different fuzzy centers.
When fixing the fuzzy center of the three membership functions.And changing the size of the fuzzy radius ơ. fig.4 , the error of the model is small and has less volatility, when the distance d in 3-50 or so. When d is greater than 50, the error of the model is growing. Through analyzing, when d is small, the three membership functions almost overlap. When d is larger, some data belong to the membership degree is the relatively small,and its value can be regarded as 0. So it cannot be very good to learn in this model .
From the fig.5 , we can find that the FUZZY -TS model error has a little change with the increase of the fuzzy radius in the certain range. When ơ is relatively large, the error of the model increases slowly.
Conclusion
This paper analyzes the classic ranging model.The impact of the environment differs as the distance increases, therefore the classic ranging model cannot meet the requirements. This paper presents the FUZZY -TS ranging model which has the adaptive learning ability. The result of simulation shows that the model can very good to fit the RSSI and d of the non-linear relationship in the unknown environment. At the same time, the paper also analyzes the influence of the different number of the fuzzy rules and the parameters of the membership degree in the model. The simulation results show that the model can be used in the parameters of the unknown environment, thus it can be applied to the unknown environment.
